Hydrates are near-surface phenomena that occur when temperatures and pressures are appropriate. Among such stable continental margins is the East Coast of the United States that, with its ubiquitous, leisurely, uniform deposition and relatively minor deformation, there can be associated hydrates. The geologic uniformity and long-term stability provide opportunities for stress homogenization with few perturbations, creating zones of weakness. With widely spaced sampling adequate to define a regional model, uncertainty can be reasonably calculated. Along unstable continental margins such as the northern Gulf of Mexico that contain such dynamic elements as salt and/or shale, as well as highly variable and massive deposition rates, there can be deformed stress fields that result from compression, lateral motions and variations thereof. Locally, any stress may be principal for an indeterminate time. With such variability, no detailed regional model can be developed. Risk analysis is possible only when a 3D model at sufficient resolution is available so that reasonable integrations can be performed and posed questions can be answered. To derive such a 3D model requires that all impacting processes, their intensities and periodicities, and spatial distributions be catalogued and understood. Thus, the "final" 3D model will be of variable resolution. To know at what resolution data need to be collected will be determined by the specific processes being mapped in a given locality. To apply an equitable risk analysis along unstable passive continental margins could be premature, given the uncertainty of all the operative processes. A conceptually valid 3D model of processes is not available, nor is an understanding of intensities and periodicities. Synergistic relationships can only be guessed. The principles of risk analysis are formulated; data and methodologies for use on unstable margins are not. 
INTRODUCTION
Risk analysis consists of reviewing the probability for loss, injury, or victory in any event. Because the Earth is essentially a closed system, any analysis would include only those matters of and about planet Earth. Furthermore, any model prepared is "closed": there is a finite limit both in physical extent and in component parts that may be added to and/or intertwined into the model. 1 Component parts of the closed system are comprised of the interlocking processes that make up the total of the natural universe. To facilitate human comprehension, the totality of the universe may be divided into processes. Each process (tectonism, climate change/oscillation, sedimentation, and basin evolution) has its own periodicity complete with amplitude and wavelength. The various processes combine, adding up algebraically and/or synergistically.
The discussion here concerns the suitability of continental margins to permit an analysis of risks relative to petroleum exploration. The risk analysis concerns the risk of whether or not commercial reservoirs of hydrocarbons are available, as well as whatever natural hazards may be present throughout the exploration and exploitation phases. The two phases must be well separated conceptually.
In the exploration phase, the zones of risk survey are the seafloor, the shallow subsurface and the deep subsurface along the well-drilled areas. In the exploitation phase, risk analysis is principally along the seafloor and shallow subsurface. In a riskbased description of the seafloor and shallow subsurface, the most dynamic processes seem to be fluid. Fluids can be in different phases: gas or liquid. The gases can be from hydrocarbon sources: natural gases with methane, ethane, propane, and butane molecules in varying amounts. Each phase has different mechanical characteristics and different conditions under which matters change from one phase to another. Temperature-pressure regimes are the phase-controlling mechanisms.
The amount of hydrocarbons generated along a given passive continental margin is not known absolutely. Casual order-of-magnitude estimates can be attempted. A volume of sediments deposited along a defined 100-km stretch of passive continental margin (one that is known to be hydrocarbon-bearing such as the northern Gulf of Mexico) could be at least 10-km thick and 100-km wide, or 100,000 km 3 . Should there be 2% organic carbon incorporated into the sediments and if ALL matured into hydrocarbons (oil and gas), there would be 2,000 km 3 buoyant material created (densities of 0.9 for oil and approximately 0.01 for natural gas), percolating up through the sediment wedge.
The specifics of the passage up through the sediment wedge are unknown and can only be speculated upon. The principal hydrocarbon escape route would probably be along major normal growth faults, with the remainder rising along whatever passages exist in the shattered sediments (Lowrie et al., 1998) . The buoyant rise need not be vertical and could include as much as 100 km or more of lateral migration (Sassen, 1990) ; and may also not be continuous. "Temporary" storage could be in classical hydrocarbon reservoirs of sands with overlying clays, and storage at a specific reservoir lasting from decades to millions of years, or stored along "temporary" closings of whatever migration routes are available. Regional and/or local tectonics can modify existent stress fields; blockages hindering hydrocarbon flow could then be opened. Scenarios both for blockage and releases of hydrocarbon flow are virtually endless; the specifics are not known, and may only be surmised using first principles.
Perhaps the greatest unknowns deal with the overall mechanisms by which a passive continental margin stays in existence. When simplified to its most elemental components, a passive margin is that transitional zone between high-riding continental crust and low-rising oceanic crust. Material is eroded from the "buoyant" (and above sea level) continental crust and "dumped" onto the oceanic crust and whatever transitional crust may lie between them. The dumping is by two principal mechanisms: gravity-driven mass wasting and grain-by-grain pelagic and hemipelagic deposition. The geologic question to be answered is: How does that volume of sediment, which may be thought of as plastic or even fluid especially as compared to brittle rock, react to the fact that it is not confined? On the continental side, unyielding rock extends the width and length of the plate. On the oceanic side, yielding water is present and, when pushed by encroaching sediments, will flow away into the encircling world ocean.
Is it, therefore, proper to ask whether the entire sediment wedge is sliding downslope. The sliding may be minute at best, say, mm/1000 y, and the overall sliding may be interrupted as "temporary" equilibrium is attained and held for a while (again, times can range from decades to millions of years). During the holding, the sediments could be critical, i.e., under maximum stress without yielding/changing to strain. Stress can increase past the yield point, more sediment accumulated up-dip, and active deformation at some rate again commence. The deformational commencement can be also initiated by an abrupt event, such as an earthquake (locally occurring at periods from decades to millennia) and even meteorite impact (at times from millennia to millions of years).
The well-documented existence of normal faults along passive margins (Ocumb, 1961; Worrell and Snelson, 1989) speaks of the tendency of materials to slide downslope. Pronounced normal faults, well imaged on seismic reflection data, may continue to be active, albeit leisurely, long after the loci of deposition have prograded basinward past the once very active and evolving fault. Tectonic rates and periodicities across a passive margin from the site of maximum deposition along midslope (presumably during sea-level lowstands to relatively quiescent coastal plains that are no longer sites of deposition and accumulating stresses) are not documented, and only order-of-magnitude estimates can be suggested (Anonymous, 1993; Lowrie et al., 1991) .
UNSTABLE PASSIVE MARGINS
Should the venue change from a classical passive margin, as is the eastern U.S., to an unstable passive margin, such as the northern Gulf of Mexico (Figure 1 ), then instability arises from the existence of semiplastic and dynamic materials, such as salt and/or shale. Prograding sediments accumulate on these semiplastic materials that then begin to deform due to stress. The deforming salt and/or shale can move laterally (toward the ocean basin) and/or vertically up through the encroaching and now overlying sediments. In the case of the northern Gulf of Mexico, the salt appears to have migrated up to 350 km over the past 150 ma (Lowrie, 1994) , given large variations in deposition rates along shelves and slopes during the oscillation from highstand to lowstand Roberts, 1988a and 1988b) and so creating very different stress fields that vary through time (Lowrie and Meeks, 1999) (Figure 2 ). There is no reason to assume that the salt, responding to compression, would move at uniform rates over geologic time. Thus, as stress is applied and grows, salt deformation/salt tectonics begins and accelerates. When stress does not continue to increase, salt tectonics can reach equilibrium and cease to migrate. As salt is moving laterally, principally along and under the slope, normal faults associated with the shelfbreak continue to grow, adding a down-dip extension. Simultaneously, as salt advances, it compresses against the sediments being encroached. Inversion tectonics Relative motion between advancing salt and stationary crust may produce a shear couple. Advancing salt applies compression to the subsalt sediments, causing folding of the Mississippi Fan-fold Belt. Because the motion of salt is both lateral and vertical, subsalt sediments are subject to time variability in shear, lateral compression, and vertical compression under a complex and evolving stress environment (ap = abyssal plain; gz = gumbo zone under salt; ff = fan fold; lcr = lower continental rise). As drawn, the salt is extended basinward as the Louisiana Salt Wedge, being extruded and originating from beneath the Gulf Coast Geosyncline and the possible additional salt deposition upon oceanic crust (interpreted from ultra-deep seismic data of 12 sec penetration collected by TGS-NOPEC Geophysical Company and presented at various professional exhibitions), both sources co-mingled as the Salt Wedge migrates basinward. Another major salt source for the overall Salt Wedge could be salt deposited within failed rifting zones in the underlying transitional crust with the encroaching, prograding sediments forcing the salt out of their accumulation sites (Amos Salvador, Dept. of Geology, Texas A and M University, telephonic communication, summer 1996). There obviously could be a combination of both concepts. Thus, a fundamental question of Louann Salt origins cannot be answered. All subsequent interpretations are on tenuous foundations. A permanent salt nose is evident, representing a paleoSigsbee Escarpment complex at the basinward extreme of the salt-floored basin. The advancing salt creates down-to-the-basement and counter regional faults, generating intraslope basins, shelf-associated growth faults, and compressive zones ahead of the advancing salt. The general effect is to shatter the continental margin sedimentary wedge. Any hydrocarbon prospect can then be placed within an evolutionary framework, as can existing oil and gas fields, and reservoir description, trap creating, and hydrocarbon-infilling environments can be visualized (CL= coastline). Each of the sedimentary units mapped by Salvador (1991) was back-stripped and the remaining sediment sequences were raised to the original (present) bathymetric, topographic outline. If the basic motion of this continental margin is for the entire shelf and upper slope to be moving downslope basinward, then the salt is a lubricative mat on which most of the over-all sliding occurs. The two ideas of motion, e.g., salt or shelf-upper slope as motion source, have major different tectonic and stress regimes.
(such extension tectonics seen as normal faults) is converted into compressive tectonics with creation of thrust faults (Lowrie et al., 1991) . When the salt becomes stabilized, the shelfbreak normal faults may not move, and inversion tectonics cease at the fault toe. While these processes can be speculated upon, no accurate or detailed measurements are available as to how they function over time. The cavalier description above may be correct, yet important details were omitted and the omissions could change the sense of the overall discussions given above.
The discussion so far has revolved around the principal sedimentation mechanisms and their relation to tectonics across the continental margin of the northern Gulf of Mexico. As is well-known, throughout the Neogene at least, documented eustatic sealevel oscillations have controlled when and where sediments were deposited: during highstands deposition has been mainly over the shelf while during lowstands, mainly over the slope (Coleman and Roberts, 1988, a and b) (Figure 2 ). These depositions create the units interpretable within sequence stratigraphy (Wornardt et al., 1998 and 1992) . Sedimentation variations cause tectonics, especially along the slope: the regional tectonics are the salt ridges and domes that arise as sediments accumulate around the salt. Thus far, there has been complete silence on local deposition and tectonics. By local events, what are envisioned are individual deltas, delta-lobes, submarine fans and their triggering similarly local events, such as faulting and salt/shale movements. It is often taken that local events, when all are summed, are appreciably less important than are the regional, major sea-level, position-dominated events. When summed, these events may be a sizable minority of the overall geologic evolution that rival in importance even the regional deposition and tectonics.
FAULT VARIATIONS
Within the notion of major lateral salt movement is the existence of faults. Faults can be active or locked/immobilized. An active fault means that there is movement along the fault and so it can serve as a hydrocarbon migration route. Should the faulting have been along an extensive shale zone, the clay within the shale could be smeared along the faulted zone and would block fluid passage. Regional or local tectonics (or both) determine the problem of when faults are open or closed. At the present state of knowledge and measuring/monitoring the status of an individual fault, it is not possible to know when such occurs in geological time.
HEAT FLOW VARIATIONS
Detailed heat flow measurements were made in the upper slope province of the Mississippi Canyon Lease Block area over a traverse only a few miles long (unpublished data held by Mississippi Mineral Resource Institute, University of Mississippi). These heat flows were over a physiography showing small, abrupt seafloor changes of 10 to 30 m. With the underlying seismic data, the abrupt seafloor changes are interpretable as the surface expressions of normal faults. On the seismic reflection data, there is no discernable evidence of variation between the several faults depicted. Yet the heat flow of only one of the faults was about an order of magnitude greater than that associated with the adjacent faults. The obvious interpretation is that the heated fault is presently active. For how long has it been this active and from where does the heat rise? Both questions are valid, and neither can be answered at the present.
The much greater local heat has major implications for the geologic evolution. The heat can promote hydrocarbon maturation. With hydrocarbons in the forms of oil or gas present both as mechanical and chemical forces, a whole range of additional possibilities are available. These possibilities can include buoyant forces, although minor and local, and the generation of hydrates within the hydrate stability zone (HSZ). In water depths of 4 to 6 km, the HSZ could be as thick as 1 km. Chemical changes would apparently be most prevalent within clay diagenesis, as in the smectite to illite conversion. In the breakdown of hydrocarbons, carbon and hydrogen, as well as minor amounts of impurities (sulfur or chlorine) would be available for chemical combining.
WEAKNESS ZONES IN SHALLOW SUBSURFACE
Recognized zones of weakness within the shallowest depths along the lower continental slope and upper continental rise in the northern Gulf of Mexico are numerous: a.
free gas beneath HSZs; b.
the over-pressured, fluid-saturated "gumbo" zone found immediately below the Sigsbee Salt Wedge; c.
overpressured, shallow-water flows; d.
shallow overpressure zones of reservoir-grade sediments, especially those containing hydrocarbons; e.
compressive zones down-dip from advancing salt wedges, where inverse tectonics may have occurred; f.
extensional zones up-dip from descending salt wedges; g.
units of varying mass-wasted sediments, a structurally weak slope/rise up-dip and down-dip from the loci of the Louann Salt interacting with the near-surface collapses via lateral migration (analogous to salt migration), rotational slump blocks (large and small), and mass wasting (Lowrie et al., in press ). A new paradigm describing the release of natural gas within the shallow subsurface into the oceans above is rapidly emerging. The amount of gases "trapped", however temporarily, in the near surface appears from the interpretation of remotely sensed seismic data to be enormous. A persistent mythology among seismic data interpreters is to ascribe gas that is lodged into a zone of opaque (read "uninterpretable") data as the cause of the data opacity. This explanation is especially popular when definite and legible reflectors border the opacity zone. Gas leakage appears to be global phenomena as revealed by pockmarks on the seafloor. In each new national and international geologic meeting, more data from more areas show the existence of pockmarks. A growing suspicion is that gas may be released with minor sea-level oscillations, especially as the overburden pressure of the water column decreases. The large 125-135 m oscillations from glacial to inter-glacial during the Plio-Pleistocene certainly were enough to appreciably reduce the pressure of water overburden and cause gas release. The striking climatic and sea-level oscillations during periods from centuries to several millennia of sea-level lowering/ times of glacial advance were also undoubtedly sufficient to trigger gas release. Were the minor sea-level oscillations of a meter during highstands/ interglacials (as is the Holocene) sufficient to initiate at least some gas release given properly delicate stress regimes in the sea-floor sediments?
Additionally, the amount of sediment overburden can change as material is slumped away, reducing pressure on underlying and remaining sediments, and increased as new sediments are transported in via mass wasting into an area. The facility of gas release is a direct measure of the structural strength of gas-bearing sediments. At present, the specifics of gas expulsion from sea-floor sediments by pressure change is not remotely known, nor is there an appreciation for how far into the sub-surface such pressure changes may impact. Thus, there is an understanding that gases can escape from the seabed, yet the mechanisms are unknown.
SUMMARY OF UNKNOWNS
The overall geologic description of the major processes operating along the northern Gulf of Mexico is adequate: salt and shale migration, fault generation, continuation and termination, sediment diagenesis and interaction with surrounding fluids (liquids, gases, and hydrates). Highly variable and massive deposition rates appear to make a tapestry of dissimilar stress fields that have varying dimensions and strengths over geologic time. How these several stress fields interact is not known, whether algebraic or synergistic (Figure 3) . Fig. 1 , overlying mostly oceanic crust, implies an approximately right lateral shear couple. Note intense fan folding (ff) and importance of gumbo zone (gz) for facilitating salt motion. The presence of an overpressured gz implies sediment fracturing and fluidization directly under the salt wedge. The ascending Louann Salt Wedge is shown as a continuous stock. In reality, on ascension, the salt tends to separate into slivers, either migrating basinward or becoming contorted on interaction with faults within the sedimentary wedge. Moving salt will generate compression in front of, and extension behind, the salt mass with the salt becoming increasingly contaminated with sediment inclusions. An implication is that avenues for buoyant fluids to rise are myriad and ephemeral as pressures, temperatures, and diagenetic regimes evolve.
In a detailed three-dimensional (3D) risk analysis (Larches and Bagnio, 1999) , all impacting geologic processes, their separate intensities and periodicities, as well as spatial distribution, need to be catalogued and mapped. Thus, the "final" 3D model will be of variable resolution.
At this time, a detailed risk analysis does not appear to be practical; there are just too many unknowns, which range from specific details to fundamental process ignorance. The greatest unknown probably concerns the overall mechanisms/processes of how an unstable passive continental margin, such as the northern Gulf of Mexico, really evolves (Diesel et al., 1995; Leaner, 1969; Lowry et al., 1996; Wu et al., 1990a and 1990b) . Does the entire sedimentary wedge slide downslope or only portions thereof? If so, which portions and how fast do they move (Figure 3) ?
A second unknown deals with what occurs as the massive and distorted Louann Salt migrates ever basinward for a total distance of up to 350 km over a period of 150 ma (Figure 2 ). That lengthy migration surely must have been intermittent with variable rates when it did move (Lowrie, 1994) .
Another unknown concerns detailed chronicles of which geologic processes and interactions occur as the salt has apparently migrated so far. There are normal faults at the shelfbreak and thrust faults along the lower slope with antithetic faults over the major fault, but when and where faulting happens is just not predictable.
Within the existence of faults, fluid can migrate when the faults are open. The migrating fluids consist of water, oil, and/or gas. As the migration continues, heat flow can be exaggerated. How long these bursts of migration continue is not known ( Figure  3 ).
Relative to petroleum exploration, the whole matter of hydrocarbon deposition, maturation, migration, and accumulation is understood only in casual and general terms. Deposition of organics appears to have been concentrated during the Cretaceous and, to a lesser extent, during the Paleogene, creating "black shales." (Sassen, 1990) . Organics continued to be deposited across the continental slope and rise, at total organic percentages of 0.5 to 2.0. Maturation can occur at depth with sufficient heat. Migrating salt with its heat-conductive characteristics can locally heat a volume of sediments at shallow depths and produce anomalous pools of maturated hydrocarbons.
The matter of migration is in much disarray. The classic mythology has been that hydrocarbon migration flowed up along the major and well-developed shelfbreak growth faults. With much improved and more believable seismic data, sediments (especially those imaged in 3D data) can be interpreted as appearing to be "shattered". The shattering provides numerous minor faults/ joints/ breaks along which fluids can flow ( Figure 3) .
CONCLUSIONS
At present, risk analysis is restricted to a specific hazard as represented by a review of historical data using statistical analysis. The amount of historical data for any given hazard will vary from area to area, and each hazard has its own characteristics (periodicities, intensity and ranges of intensity, causes). Hazards that are being explored include: seismicity/earthquakes, mud diapirs, gas pockets, hydrate layers, active faults. Analyses strive to provide dynamic estimates of how often a specific phenomena/ hazard appears to occur, the strength of the occurrence, and the lateral extent of the hazard impact. These analyses may be thought of as two-dimensional (2-D), analogous to a 2-D seismic track through the earth. Each specific hazard may be supposed to be comparable to a single 2-D seismic line: only one unique vision of the Earth (a composite of all processes and hazards) is made available.
A detailed risk analysis must have a more complex definition. The various hazards to be studied need be understood in terms of their geologic evolution. The question to be answered deals with how all the various hazards interrelate. Each hazard occurrence, such as an earthquake or rupturing mud diapir, is the "end" result of a dynamic and continuing geologic evolution. To understand when, where, and extent of any hazard event such as an earthquake, there needs be a detailed cataloguing and understanding of all geologic processes, how they interrelate and proceed, creating the single hazard event such as an earthquake. Thus, a detailed risk analysis (as defined here) is analogous to a 3-D seismic dataset where all the data is imaged and open to analysis.
The proposition being preliminarily sketched here is the suitability of an unstable passive continental margin such as the northern Gulf of Mexico to a detailed risk analysis. The extent of fundamental unknowns precludes developing a cohesive and internally consistent model for the geologic evolution of the northern Gulf. Without cohesive modelling, operating in a three-dimensional matrix, it is not possible to conduct a detailed risk analysis.
